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Abstract   
Leg length inequality (LLI) following total hip replacement (THR) can cause 
considerable morbidity  Although it was described when the technique was 
popularized in the 1960s, it remains a significant challenge to arthroplasty surgeons .  
This study reviews the established practice for the measurement of LLI on plain AP 
radiograph, and compares these techniques to two methods used locally.  The 
radiographs of 35 patients were measured using four techniques (Woolson, 
:LOOLDPVRQµ/HHGV¶DQGµ'LUHFW¶$OOIRXUPHWKRGVKDGDQ,&&RIIRULQWHU
reader reliability. The intra observer reliability of repeat measures was higher for the 
Leeds and direct methods on remeasurement of the same films, while the  Woolson 
and Williamson methods performed slightly better for serial radiographs.  This study 
shows that the four methods are comparable, and the Leeds method provides extra 
information on component position as well as an overall measure of LLI. 
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Assessing Reproducibility for Radiographic Measurement of Leg 
Length Inequality for Total Hip Replacement. 
Introduction 
Leg length inequality following an otherwise successful arthroplasty can  result in 
considerable morbidity and patient dissatisfaction[1].  Complications range from 
mechanical symptoms such as limp and early fatigue, to lower back pain, pelvic tilt, 
other joint pain, nerve palsy and increased wear of the implant[2-7].  Ultimately, 
symptomatic leg length inequality may require a revision operation, with all of the 
associated risk and further morbidity[7]. 
Leg length inequality has increasingly significant medico-legal consequences and is 
now one of the leading causes of litigation surrounding total hip arthroplasty (THR) in 
the USA. In recent years, LLI has become the third most common individual cause of 
THR related litigation in the UK, with the cost of individual claims as high as 
£600,000 GBP[7-10] 
Assessment of leg length inequality is typically undertaken clinically by tape, ruler or 
block measurement of true and apparent leg length, although clinical measurement 
has been shown to be inaccurate by 10mm or more[11-13].  It is important therefore 
that any LLI is quantified accurately, usually using a plain AP radiograph of the pelvis 
and both hips ordered routinely as part of the consultation. Although other methods, 
such as CT scans, are considered the gold standard for the radiographic 
measurement of leg length inequality, the cost and increased exposure to ionising 
radiation make CT use unsafe and impractical to perform routinely, with this 
approach being reserved for exceptional circumstances such as when revision 
surgery is being actively considered.   
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It is also important when considering revision surgery to assess the cause of the post 
operative LLI.  This has been classified by Parvizi et al.  A type  1 structural LLI, 
exists where the components are directly responsible for the lengthening, for 
example when a stem has not been fully inserted and is proud. A type 2 structural 
LLI occurs when lengthening is accompanied by component malposition, for 
example when poor component version mandates increased soft tissue tension for 
stability with resulting lengthening[14]   
It is therefore vital to accurately diagnose the cause of the LLI, as revision of the 
either the wrong component in a type 1 or a single component in a type 2 can result 
in an unstable prosthesis which will require further revision surgery. 
A literature review identified 22 papers that specifically discussed the radiographic 
measurement of LLI. Nine of the 22 described the Williamson method[15-22] and 10 
of the 22 papers used the Woolson method [23-33]. It is notable that while both 
PHWKRGVDUHGHVFULEHGDVµYDOLGDWHG¶WKHUHZDVYHU\OLWWOHGRFXPHQWDWLRQ of the 
validation process. 
LLI following THR remains a significant challenge to arthroplasty surgeons and is 
complicated by the fact that there is little agreement about many of its aspects.   
This study therefore aims to assess the reliability of methods for quantifying post 
THR leg length inequality described in the literature and compare them with methods 
used in the Leeds Teaching Hospitals NHS Trust. 
Methods 
The radiographs of 35 patients, originally taken as part of the standard consultation, 
were exWUDFWHGIURPWKHFDVHQRWHVRISDWLHQWVDWWHQGLQJWKHVHQLRUDXWKRU¶V0+6
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outpatient arthroplasty clinic.  Ethical approval was provided by the Leeds West NHS 
ethics committee and all images were obtained from patients who had given prior 
consent for use for research purposes.  Radiographs were taken according to the 
local standardised operating protocol, with the patient in a supine position with both 
hips resting in internal rotation.  A 25mm calibration ball (AGFA, Wilmington, MA) 
was placed in the groin at the same height above the table as the greater trochanter 
and the image centred on the pubic symphysis. 
Four methods of quantifying LLI from AP radiograph were used. The Woolson, 
Hartford et al method [33] (Woolson method) (Fig 1), the Williamson and Reckling  
method [22] (Williamson method) (Fig 2) which are prominent in the literature, a 
 
Fig 1 The Woolson method. 
A reference line is drawn through the most inferior part 
of the acetabular tear drops.  Two lines parallel to this 
are drawn through the centre of the lesser trochanter.  
The difference in the perpendicular distance between 
the two lines is defined as the leg length discrepancy 
Page 8 of 18 
 
 
Fig 2 The Williamson method. 
A reference line tangential and parallel to the most 
inferior portion of theischia.  Two further parallel lines 
are drawn and the perpendicular distance between the 
lines measure, the difference between the two 
measurements is the discrepancy. 
 
 
Fig 3  The Direct method 
This is a measurement of the straight line distance between 
the femoral centre of rotation and the apex of the lesser 
trochanter.  The difference in the measurement for both hips 
is the leg length discrepancy. 
µ'LUHFW¶PHWKRG)LJDQGDORFDOO\GHYHORSHGµ/HHGV¶PHWKRG)LJ 
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Fig 4 The Leeds Method 
An initial reference line is drawn between the centres of 
femoral rotation.  Two further line are drawn parallel to this.  
The first at the level of the most inferior part of the 
acetabular teardrop to give measurement C, which 
corresponds to any inequality due to the position of the cup.  
The second  is at the level of the centre of the lesser 
trochanter to give measurement S, which corresponds to 
inequality due to position of the stem  The sum of the two is 
measurement O which corresponds to the overall leg length 
inequality.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The measurements, to the nearest millimetre, were made by two senior consultant 
musculoskeletal radiologists (AJG and PJO) using the Leeds Teaching Hospitals 
NHS Trust PACS system (AGFA, Wilmington, MA).  The original 35 radiographs 
were measured using the four methods.  Subsequently 10 of these radiographs were 
picked at random and re-read after at least three months.   
To explore the reliability of the acquisition protocol, in addition to reader consistency, 
in 24  radiographs of patients who had undergone serial imaging but no further 
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surgery in the interim, follow-up images were also measured and compared with 
baseline radiographs.  
Data were analysed using SPSS v16 and reliability was quantified through the 
generation of Intra Class Correlation Coefficients (ICC) and Limits of Agreement. 
ICC model 3,1 was used to determine  inter-reader reliability and ICC model 1,1 was 
used to evaluate between-day reliability and consistency in measurement from serial 
images.  
Results 
Of the 35 patients in our sample, five patients (14%) had native hips 21 patients 60% 
had a undergone unilateral total hip replacement and nine patients (26%) had 
received bilateral hip replacements.   
For the subset of 24 in whom serial radiographs were obtained, the mean time 
between the first and second x-ray was 393 days (0-7052 days).   
The ICCs for inter-reader reliability are summarised in table 1.  All four methods 
show high ICCs for inter-reader agreement (>0.9) and limits of agreement between 
raters of <10mm.  
Table 1 Inter-reader reliability of leg length inequality measurement: 
 
Leg Length 
Measure Inter-reader ICC(3,1) 
Mean difference (mm) 95% LOA (mm) 
Direct 0.91 1.00 ±5.31 
Leeds 0.90 0.60 ±6.02 
Williamson 0.90 0.26 ±7.68 
Woolson 0.91 -0.80 ±8.26 
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When measuring intra-reader reliability for the same radiograph when assessed at 
two different time points, the Direct and Leeds methods performed slightly better 
than the Williamson and Woolson method (table 2) 
 
In the subset of 24 radiographs taken on two different occasions (Table 3), the 
variability of the acquisition protocol combined with reader variation increased error 
such that all four techniques exhibited only moderate reliability. 
 
Discussion 
With the broadening of the indications for THA and increase in patient expectation, 
leg length inequality following total hip replacement is receiving more attention both 
Table 2 Intra-reader reliability of leg length inequality measurement, same radiographs re-measured 
after 3 months: 
 
 Intra-reader ICC(1,1) 
(Reader 1) n=10 
Intra-reader ICC(1,1)  
(Reader 2)n=10 
Leg Length Ineq. 
Measure 
  
Direct 0.96 0.97 
Leeds  0.95 0.90 
Williamson 0.87 0.88 
Woolson 0.65 0.89 
Table 3 Intra-reader reliability of leg length inequality measurement, radiographs taken at different 
occasions: 
 
Leg Length Ineq. Measure Intra-reader ICC(1,1) (Reader 
1) n=24 
Intra-reader ICC(1,1)  
(Reader 2) n=24 
Direct 0.63 0.53 
Leeds  0.63 0.50 
Williamson 0.77 0.76 
Woolson 0.77 0.71 
Page 12 of 18 
 
clinically and medico-legally.  LLI can result in significant patient morbidity and can 
require major revision surgery to correct.    
While there is no single agreed method for the measurement of LLI on a plain 
radiograph, the literature has focused primarily on two methods, the Woolson and 
the Williamson methods.  Despite the widespread use of these techniques in clinical 
practice and research there is little published validation of the method.   
Woolson in his original paper describing the technique reported being able to 
determine LLI to within 0.5mm[33] . This has since been quoted as the accuracy of 
the measure[28].   We found no substantive data in the literature describing the error 
or reliability of the widely used techniques and, to our knowledge, ours is the first 
study to compare techniques directly. 
In interpreting the agreement data, the radiologists reported qualitatively that it was 
occasionally difficult to identify the acetabular tear drop where, for instance, a 
cemented cup was used.  Additionally it was felt harder to accurately identify the 
centre of rotation in the native, generally arthropathic, femoral head.   
In this study, no allowance was made for the rotation of the pelvis, or for flexion, 
abduction or adduction and all measures were acquired and measured according to 
standard clinical practice. With two point measurement methods, trigonometry 
dictates that a fixed flexion deformity of 25° will result in a reduction in measured LLI 
of approximately 10%.  Also when using the centre of femoral rotation as a 
reference, adduction and abduction deformities will introduce only minimal error 
when measuring relative to a fixed reference on the femur.  Factors such as patient 
position when supine for the radiograph and the relative positions of the calibration 
ball, tube and radiographic plate are all potential sources of reduced reliability.  It is 
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clear that despite clinical protocols for AP Pelvic/Hip radiography direct comparison 
of measurements for LLI for any method should be made with caution. For this study, 
greater accuracy could probably have been achieved using a more highly 
protocolized approach but this study was intended to explore the real-world reliability 
of the techniques. 
All four methods were comparable for inter-reader and intra reader reliability of 
measures taken from the same films, and for intra-reader reliability of radiographs 
taken at different occasions which was moderate.  While all methods proved 
satisfactory for assessing LLI overall, the Leeds Method has the potential extra 
advantage of being able to distinguish between LLI due to cup position and LLI due 
to stem position.  If the limb is left long (ie OA is greater than ON) and it is due to the 
stem, measurement SA will be greater than SN.  However if the lengthening is due to 
the cup position, the measurement CA will be smaller than CN.   
The Leeds Method for the measurement of leg length inequality has potential 
applications for the audit of practice.  As it is able to quantify the problems due to 
either the cup, stem or both the Leeds method can provide vital information by aiding 
discrimination between a type 1 and 2 structural LLI.  It is able therefore to assist in 
the planning of revision surgery and reducing the chances of inappropriate surgery. 
In conclusion, we propose a novel method for evaluating post THR limb length 
inequality. We have provided the first direct comparison of the methods currently in 
common use and conclude that all the methods described previously, including the 
new method, demonstrate comparable reliability. The novel method has the added 
advantage of differentiating between cup or stem position as the cause of any LLI. 
Acknowledgements 
Page 14 of 18 
 
This work was supported by the NIHR (National Institute for Health Research) 
through funding of the Leeds Musculoskeletal Biomedical Research Unit. In addition 
this work was partially funded through WELMEC, a Centre of Excellence in Medical 
Engineering funded by the Welcome Trust and EPSRC, under grant number WT 
088908/Z/09/Z.  The authors wish especially to thank Dr Elizabeth M A Hensor PhD 
for her assistance with the statistical analysis of the data. 
 
  
Page 15 of 18 
 
References 
1. Mancuso, C.A., et al., Fulfillment of patients' expectations for total hip 
arthroplasty. J Bone Joint Surg Am, 2009. 91(9): p. 2073-8. 
2. Barnett, J., et al., Biomechanical Analysis of Leg Length Discrepancy 
Following Total Hip Replacement, University Of Leeds, United Kingdom, 
Leeds Teaching Hospitals NHS Trust. 
3. Cummings, G., J.P. Scholz, and K. Barnes, The effect of imposed leg length 
difference on pelvic bone symmetry. Spine (Phila Pa 1976), 1993. 18(3): p. 
368-73. 
4. Golightly, Y.M., et al., Symptoms of the knee and hip in individuals with and 
without limb length inequality. Osteoarthritis Cartilage, 2009. 17(5): p. 596-
600. 
5. Golightly, Y.M., et al., Hazard of Incident and Progressive Knee and Hip 
Radiographic Osteoarthritis and Chronic Joint Symptoms in Individuals with 
and without Limb Length Inequality. J Rheumatol, 2010. 
6. Gurney, B., et al., Effects of limb-length discrepancy on gait economy and 
lower-extremity muscle activity in older adults. J Bone Joint Surg Am, 2001. 
83-A(6): p. 907-15. 
7. Hofmann, A.A. and M.C. Skrzynski, Leg-length inequality and nerve palsy in 
total hip arthroplasty: a lawyer awaits! Orthopedics, 2000. 23(9): p. 943-4. 
8. Freedom of Information request to National Health Service Litigation Authority 
(unpublished). 2010. 
9. Firm, A.L.  2008; Available from: www.altonlawfirm.com/news.html. 
Page 16 of 18 
 
10. McWilliams, A.B., et al. Litigation for Total Hip Replacement within the NHS - 
Why are we being sued? in British Hip Society Annual Meeting 2011. 2011. 
Torquay. 
11. Edeen, J., P.F. Sharkey, and A.H. Alexander, Clinical significance of leg-
length inequality after total hip arthroplasty. Am J Orthop (Belle Mead NJ), 
1995. 24(4): p. 347-51. 
12. Jasty, M., W. Webster, and W. Harris, Management of limb length inequality 
during total hip replacement. Clin Orthop Relat Res, 1996(333): p. 165-71. 
13. Gurney, B., Leg length discrepancy. Gait Posture, 2002. 15(2): p. 195-206. 
14. Parvizi, J., et al., Surgical treatment of limb-length discrepancy following total 
hip arthroplasty. J Bone Joint Surg Am, 2003. 85-A(12): p. 2310-7. 
15. Woo, R.Y. and B.F. Morrey, Dislocations after total hip arthroplasty. J Bone 
Joint Surg Am, 1982. 64(9): p. 1295-306. 
16. Bose, W.J., Accurate limb-length equalization during total hip arthroplasty. 
Orthopedics, 2000. 23(5): p. 433-6. 
17. Suh, K.T., S.J. Cheon, and D.W. Kim, Comparison of preoperative templating 
with postoperative assessment in cementless total hip arthroplasty. Acta 
Orthop Scand, 2004. 75(1): p. 40-4. 
18. Takigami, I., et al., Limb-length measurement in total hip arthroplasty using a 
calipers dual pin retractor. Bull NYU Hosp Jt Dis, 2008. 66(2): p. 107-10. 
19. Hofmann, A.A., et al., Minimizing leg-length inequality in total hip arthroplasty: 
use of preoperative templating and an intraoperative x-ray. Am J Orthop 
(Belle Mead NJ), 2008. 37(1): p. 18-23. 
20. Austin, M.S., et al., Stability and leg length equality in total hip arthroplasty. J 
Arthroplasty, 2003. 18(3 Suppl 1): p. 88-90. 
Page 17 of 18 
 
21. Naito, M., K. Ogata, and I. Asayama, Intraoperative limb length measurement 
in total hip arthroplasty. Int Orthop, 1999. 23(1): p. 31-3. 
22. Williamson, J.A. and F.W. Reckling, Limb length discrepancy and related 
problems following total hip joint replacement. Clin Orthop Relat Res, 
1978(134): p. 135-8. 
23. Goodman, S.B., D.S. Huene, and S. Imrie, Preoperative templating for the 
equalization of leg lengths in total hip arthroplasty. Contemp Orthop, 1992. 
24(6): p. 703-10. 
24. Ranawat, C.S., et al., Correction of limb-length inequality during total hip 
arthroplasty. J Arthroplasty, 2001. 16(6): p. 715-20. 
25. Lakshmanan, P., et al., Achieving the required medial offset and limb length in 
total hip arthroplasty. Acta Orthop Belg, 2008. 74(1): p. 49-53. 
26. Murphy, S.B. and T.M. Ecker, Evaluation of a new leg length measurement 
algorithm in hip arthroplasty. Clin Orthop Relat Res, 2007. 463: p. 85-9. 
27. Khanduja, V., V. Tek, and G. Scott, The effect of a neck-retaining femoral 
implant on leg-length inequality following total hip arthroplasty: a radiological 
study. J Bone Joint Surg Br, 2006. 88(6): p. 712-5. 
28. Konyves, A. and G.C. Bannister, The importance of leg length discrepancy 
after total hip arthroplasty. J Bone Joint Surg Br, 2005. 87(2): p. 155-7. 
29. Shiramizu, K., et al., L-shaped caliper for limb length measurement during 
total hip arthroplasty. J Bone Joint Surg Br, 2004. 86(7): p. 966-9. 
30. White, T.O. and T.W. Dougall, Arthroplasty of the hip. Leg length is not 
important. J Bone Joint Surg Br, 2002. 84(3): p. 335-8. 
31. Ranawat, C.S. and J.A. Rodriguez, Functional leg-length inequality following 
total hip arthroplasty. J Arthroplasty, 1997. 12(4): p. 359-64. 
Page 18 of 18 
 
32. McGee, H.M. and J.H. Scott, A simple method of obtaining equal leg length in 
total hip arthroplasty. Clin Orthop Relat Res, 1985(194): p. 269-70. 
33. Woolson, S.T., J.M. Hartford, and A. Sawyer, Results of a method of leg-
length equalization for patients undergoing primary total hip replacement. J 
Arthroplasty, 1999. 14(2): p. 159-64. 
